INTRODUCTION
============

Rheumatoid arthritis (RA) is an autoimmune disease characterized by synovitis and other system involvement. The pathogenesis of RA has mainly been attributed to Th17 cells and its interaction with various cells including fibroblast-like synoviocytes. However, B cells have a role in RA pathogenesis by secreting antibodies such as rheumatoid factor and anti-cyclic citrullinated peptide antibody, and have been a therapeutic target, as shown by B cell depletion therapy with anti-CD20 antibody.[@B1],[@B2] In addition, the depletion of mature B cells in the mouse model of arthritis delayed development of arthritis.[@B3] However, in animal models of other inflammatory diseases such as experimental autoimmune encephalomyelitis or contact hypersensitivity, B cell deficiency aggravated inflammation.[@B4],[@B5] In animal model of arthritis, a subset of B cells had anti-inflammatory function.[@B6],[@B7]

The regulatory function of B cells is beginning to be understood, and several subsets of regulatory B cells have been suggested.[@B8],[@B9] B cell subsets with regulatory function have been designated as B-1 cell, marginal zone B cell, transitional-2 marginal zone precursor B cell or interleukin-10 (IL-10) secreting B cells.[@B9] Although several surface markers such as CD19+CD24^hi^CD38^hi^ or CD24^hi^CD27+ have been proposed,[@B10],[@B11] a definite cell surface phenotype has not yet been established. In mouse, IL-10 is produced mainly by the CD1d^hi^CD5+ B-cells, which share characteristics of both B-1 and marginal zone B cells,[@B9] and also by the CD19~low~CD5+ B cells in the blood of food allergy patients.[@B12] These IL-10 secreting B cells are called as B10 cells or Br1 cells.[@B9],[@B13]

IL-10 secreting B cells have been shown to suppress T cell proliferation and T cell-dependent inflammatory function.[@B14] A recent functional study reported that IL-10 secreting B cells are increased in patients with RA and other inflammatory diseases, and that these cells play a central role in immune regulatory function.[@B10] Furthermore, the function of B cells is shown to be impaired in patients with systemic lupus erythematosus,[@B11] and the regulatory B cell population decreased during early period of inflammation in mouse model of collagen-induced arthritis.[@B15] However, the exact roles of regulatory B cells played in autoimmune disease remain unclear.

To evaluate the status of IL-10+ B cells in RA according to the disease activity, we induced the production of IL-10+ B cells after B cell activation and analyzed the relationship between IL-10+ B cells and disease severity in RA patients.

MATERIALS AND METHODS
=====================

Subjects
--------

Twenty-eight RA patients and healthy controls were enrolled. RA was diagnosed according to the 1987 American College of Rheumatology criteria or 2010 American College of Rheumatology/European League Against Rheumatism criteria.[@B16],[@B17] Data collected included tender joint count, swollen joint count, patient\'s global assessment, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), rheumatoid factor or anti-cyclic citrullinated peptide antibody, and current medication. RA patients could be grouped by disease activity by DAS 28 calculated using CRP (DAS28-CRP): \<2.6, remission; ≤3.2, low disease activity; \>3.2 and ≤5.1, moderate disease activity; \>5.1, high disease activity.[@B18],[@B19] This study protocol was reviewed and approved by the Institutional Review Board of Chungnam National University Hospital (IRB No. 1101-31), and performed according to the Declaration of Helsinki. All subjects provided their informed written consent before participation.

Sample preparation and induction of IL-10+ B cells
--------------------------------------------------

Peripheral blood mononuclear cells (PBMC) were isolated from heparinized blood samples of RA patients and healthy subjects by the Ficoll-density gradient methods (Ficoll-Paque™ Plus, GE Healthcare, Uppsala, Sweden). B cells were purified from PBMC by positive selection using anti-CD19 MACS Microbeads (Miltenyi Biotec, Teterow, Germany). For IL-10+ B cell induction, purified CD19+ B cells (5×10^5^ cells) were incubated with CpG (ODN 2006, 10 µg/mL; Invivogen, San Diego, CA, USA) and CD40 ligand (CD40L, 1 µg/mL; R&D Systems, Minneapolis, MN, USA) for 48 hours in Roswell Park Memorial Institute medium 1640 with 10% fetal bovine serum in a 96-well culture plate at 37℃ as previously described.[@B5]

Flow cytometric analysis
------------------------

CD19+ cells were stimulated with phorbol 12-myristate 13-acetate (PMA; 50 ng/mL; Sigma-Aldrich, St. Louis, MO, USA) and ionomycin (250 ng/mL; Sigma-Aldrich) in the presence of monensin (Golgistop™; BD Biosciences, San Jose, CA, USA) for 5 hours immediately after purification or the last 5 hours after incubation of CD19+ cells for 2 days. Then, cells were permeabilized with BD Cytofix/Cytoperm solution (BD Biosciences) according to the manufacturer\'s instructions and stained with phycoerythrin-labeled anti-human IL-10 (eBioscience, San Diego, CA, USA), and flow cytometry was performed with a FACSCanto (BD, Franklin Lakes, NJ, USA) to study surface markers and intracellular cytokine levels. FlowJo (version 8.8.4, Tree Star, Ashland, OR, USA) was used to analyze flow cytometry data.

Statistical analysis
--------------------

The t-test and analysis of variance were used to compare the levels of cytokine-producing B cells between groups. The correlation of clinical characteristics and IL-10+ B cells was estimated by Pearson\'s correlation analysis. Two-tailed null hypotheses of no difference were rejected if *p* values were less than 0.05. SPSS version 20 for Windows was used for all statistical tests (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

Patient characteristics
-----------------------

Among 28 RA patients, 22 were female (78.6%) and mean age (±SD) was 57.0±14.6 year-old. Median disease duration was 22 (range: 0-108) months, and rheumatoid factor was positive in 26 patients (92.9%).

Ten patients were diagnosed as RA for the first time at the time of the study. Laboratory characteristics were as follows: ESR, 52.0±38.4 mm/hr; CRP, 2.59±3.62 mg/dL; DAS28-ESR, 4.59±2.04; DAS28-CRP, 3.36±1.57. Using disease activity by DAS28-CRP, 9 RA patients were categorized into remission group, 2 low disease activity group, 12 moderate disease activity group, and 5 high disease activity group. Methotrexate was used in 10 RA patients, prednisolone in 19, or leflunomide in 2 for treatment of RA.

IL-10+ B cells in RA patients and controls
------------------------------------------

There was no significant difference in the proportion of IL-10+ B cells between 10 RA patients and 10 healthy controls (RA, 0.300±0.07 vs. healthy control 0.459±0.07, *p*=0.114). The proportion of IL-10+ B cells was not correlated with disease activity, DAS28-CRP (r=0.065, *p*=0.858). Thus, induction of IL-10+ B cell using CD40L and CpG was performed. There was an increase of IL-10+ B cells induced by CD40L and CpG in 18 RA patents compared with age and gender-matched 18 healthy controls (RA, 4.44±3.44% vs. healthy control 2.44±1.64%, *p*=0.033, by t-test) ([Fig. 1](#F1){ref-type="fig"}). To investigate the relationship of age and IL-10+ B cell induction, we analyzed normal controls, and found no significant relationship between age and IL-10+ B cells (r=0.035, *p*=0.895).

Correlation between IL-10+ B cells and clinical characteristics
---------------------------------------------------------------

During this study, preliminary data on active RA patients revealed a low proportion of induced IL-10 producing B cells. Thus, 10 more RA patients were enrolled to investigate the relationship. Among the 28 RA patients, there was negative correlation between disease activity (DAS28-CRP) and induced IL-10+ B cells (r=-0.398, *p*=0.040, by correlation analysis) ([Fig. 2](#F2){ref-type="fig"}). In addition, the RA patients group had a negative correlation between age and IL-10+ B cells (r=-0.525, *p*=0.004, by correlation analysis), whereas age and activity in RA group was positively correlated (r=0.409, *p*=0.031, by correlation analysis). The correlation of IL-10+ B cells with ESR or CRP was not significant (*p*=0.241 and *p*=0.314, respectively). We investigated the difference between newly diagnosed patients (n=10) and patients with a flare-up of preexisting arthritis (moderate or high activity group, n=7), and found that the proportion of induced IL-10+ B cells was not different between groups (newly diagnosed patients, 3.10±2.41% vs. flareup patient, 2.51±2.18%, *p*=0.621, by t-test). Moreover, methotrexate or prednisolone use was not associated with IL-10 producing B cells (*p*=0.147 and *p*=0.325, respectively, by t-test).

DISCUSSION
==========

In this study, we investigated the abnormality of B cells secreting IL-10. A previous study showed that the proportion of IL-10+ B cell was elevated in RA or other rheumatic diseases, however, the study did not investigate the association with clinical characteristics. The proportion of IL-10+ B cells was not different between RA patients and healthy controls. We found that disease activity was negatively associated with induction of IL-10 in B cells. The proportion of induced IL-10+ B cell was also associated with age in RA patients. However, the association of age and IL-10+ B cells in normal controls was not evident. Elderly people with RA may present with more severe manifestations than young patients.[@B20],[@B21] We recruited severe arthritis patients to investigate the association of activity and IL-10+ B cells. Therefore, the patient group with severe arthritis was older and it would therefore be important to investigate the association between age and disease activity in this cohort. Taking these results into consideration, the differentiation to IL-10+ B cells may be determined prior to CD40L and CpG stimulation or the interaction among various cells may be essential to induce IL-10.

Although human regulatory B cell has been elucidated, transcription factors or exact effector mechanism remain uncertain. Nevertheless, it is clear that IL-10 production is an important and unique characteristic of regulatory B cells compared to other B cell subsets. IL-10 secreting B cells can be detected by flow cytometry after PMA-ionomycin stimulation (B10 cell) or induced by stimulation of CD40 and toll-like receptor (B10pro).[@B10] These cells can exert their regulatory function, through IL-10, on T cells, macrophages, dendritic cells or plasma cells.[@B9] It was reported that CD19+CD24^hi^CD38^hi^ B cells include the majority of IL-10+ B cells, and that IL-10 secretion in these cells is impaired in patients with systemic lupus erythematosus.[@B11] However, we report here that the proportion of IL-10+ B cell was significantly increased in RA patients. Thus, it was not easy to understand the abnormality of IL-10+ B cell in RA. We found in this study that disease activity was negatively associated with IL-10+ B cells. Based on our results that the frequency of regulatory B cell without induction is not different, the key issue of regulatory B cells in RA may be the impaired induction of regulatory B cells. Recently, Ma, et al.[@B22] reported reduction of regulatory B cells in patients with new-onset RA. They showed that IL-10+CD5+CD1d+ B cell or IL10+TIM-1+ B cells without induction were decreased, although our results did not show the decrease of IL-10+ B cells without induction. The study by Ma, et al. may be supported by this study. However, it should be noted that CD5, CD1d, or TIM-1 has not been established as surface markers in human regulatory B cells as opposed to mouse regulatory B cells.[@B23],[@B24]

The frequency of IL-10+ B cells was increased in RA patients, particularly in patients with lower disease activity. However, RA has an immunologic environment to stimulate B cells in several aspects as follows; IL-10 secreting B cells are induced effectively by CD40L, and CpG. CD40L, also known as CD154, is implicated in RA pathogenesis. The enhanced expression of CD40L on T cells of RA patients was found to be responsible for the presence of highly activated B cells (CD80+CD86+), producing anti-cyclic citrullinated peptide antibodies in the synovial compartment of patients.[@B25],[@B26] B cell-activating factor (BAFF), which is increased in active RA, can also promote the production of IL-10 in B cells.[@B27],[@B28] Therefore, enhanced CD40L expression on T cells, together with increased levels of BAFF in active arthritis, comprise an inflammatory milieu in RA that favors the production of IL-10+ regulatory B. Despite this, the fact that IL-10 was increased only in inactive arthritis is intriguing. Perhaps, IL-10+ B cell induction may be impaired in active arthritis. Moreover, in an animal model of human arthritis, collagen-induced arthritis showed decreased frequencies of IL-10 producing B cells in both spleen and draining lymph nodes during the acute stage of disease, which is compatible with our present results.[@B15] In addition, the adoptive transfer of expanded IL-10+ B cells could ameliorate disease.[@B6],[@B15] Therefore, the therapeutic induction or transplantation of regulatory B cell population could be an effective therapeutic strategy in acute stage or early arthritis.

In conclusion, the proportion of induced IL-10+ B cell increased in RA patients compared to healthy control and was negatively correlated with disease activity in RA.
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![The IL-10+ B cell was increased in RA patients compared to control patients. B cells from patients and controls were stimulated with CD40L and CpG for 48 hours and IL-10 intracellular staining was performed. (A) The representative plot of IL-10+ B cell in RA patients and healthy control. (B) The proportion of IL-10+ B cells among B cells was elevated in RA patients compared to normal control (*p*=0.033, by t-test). RA, rheumatoid arthritis; IL-10, interleukin-10.](ymj-55-1354-g001){#F1}

![The correlation of IL-10+ B cell and DAS28-CRP. The proportion of IL-10+ B cells was negatively correlated with RA disease activity measured using DAS28-CRP (r=-0.398, *p*=0.040, by correlation analysis). DAS28-CRP, 28-joint disease activity score calculated using C-reactive protein; RA, rheumatoid arthritis; IL-10, interleukin-10.](ymj-55-1354-g002){#F2}
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